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BEXEAUN VESUMVARY

This report reviews activities of the Hungry Horse Reservoir
fisheries study from My 16 - Cctober 14, 1983. The first six
nonths of the project were concerned with testing of equipment and
devel opi ng met hodol ogi es f or sanpl i ng physi cal - chem cal I'i nmol ogy,
fish food availability, fish food habits, seasonal distribution and
abundance of fish, mgration patterns of westslope cutthroat trout
and habitat quality in tributary streams. Suitable nethods have
been devel oped for most aspects of the study, but problens remain
W th deternininP the vertical distribution of fish. Catch rates of
fish in vertical nets were insufficient to determne depth distri-
mnonwnngﬂmme |f catches remain |ow during the spring
and summer of 1984, experinental netting will be conducted using
gang sets of standard gill nets. Purse seining techniques also
need to kerefined in the spring of 1984, Sanple design should be
conpleted in 1984.

A major activity for the report period was preparation of a
prospectus which reviewed: 1) environnental factors [imting gane-
fish production; 2) flexibility in reservoir operation;, 3) effects
of reservoir operation on fish populations and 4) nodel devel op
ment.  Production of westslope cutthroat trout may be limted by
spawning and rearing habitat in tributary streans, reservoir
habitat suitability, predation during the first year of reservoir
residence and fish food availability. Reservoir operation affects
fish production by altering fish habitat and food production
through changes in reservoir norphonetrics such as surface area
volume, littoral area and shoreline length. The instability in the
fish habitat caused by reservoir operation naY produce an environ-
ment which is suitable for fish which can utilize several habitat
types and feed upon a wide variety of food organisns. Analysis of
factors governing reservoir operation indicated that some flexi-
bility exists in Hungry Horse operation. Changes in operation to
benefit gamefish popul ations would have little inpact on total
pOﬂea roduction, but would entail shifts in the generation
schedul e.

V¢ hope to develop, in cooperation with the USGS, a nodel
which will predict the effects of reservoir operation on fish
production. The nodel will have a food conponent based on energy
flow through successive trophic levels to fish and a habitat com
ponent based on habitat availability and habitat preferences of
species by life-stage.
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| NTRODUCTI ON

The Pacific Northwest Electric Power Planning and Conservation
Act passed in 1980 by Congress has provided a nechani smwhich
integrates and provides for stable energy planning in the Pacific
Northwest. The Act created the Northwest Power Planning Counci
and charged the Council with devel oping a conprehensive fish and
wildlife programto protect and enhance fish and wildlife inpacted
by hydroel ectric devel opnent in the Colunbia River Basin. |nple-
mentation of the plan is being carried out by the Bonneville Power
Adm nistration. The Hungry Horse Reservoir study is part of that
Council's plan

The answer to the question of howreservoir operation can be
nodi fied to best benefit game fish populations is not a sinple one.
Reservoir operation affects gane fish production by altering the
physi cal environment through changes in reservoir morphonetrics
such as surface area, water volune, mean depth and shoreline
length. Annual drawdown for flood control and power production
adversely affects primary productivity (Wods 1982), benthos pro-
duction (Benson and Hudson 1975), and fish production in reservoirs
(Jenkins 1970). Gahamet al. (1982) indicated that increased
| evel s of drawdown in Hungry Horse Reservoir from 1965 to 1975
adversely affected the growth and survival of westslope cutthroat
Trout (Sal no clarkilewsi).

This report presents data collected during the first year of a
four year study designed to quantify seasonal water |evels needed
to maintain or enhance principal game fish species in Hungry Horse
Reservoir. A maxi mum drawdown of 85 feet was proposed by G aham et
al. (1982). This drawdown proposal nmay need to be reviewed in
light of the additional data that will be generated by this study
and the proposed changes in operation due to the "water budget"
fl ows designed to enhance downstreammigration of salnon smolts in
the Colunbia River.

This study was initiated in My, 1983 to neet the fol | owi ng
obj ecti ves:

1) Quantify reservoir habitat by segregating the reservoir
into geogrthic areas, shoreline versus pelagic zones
and vertically, based on physical and chem ca
attributes.

2) Assess use of available reservoir habitats by inportant
fish species and docunment seasonal changes in habitat use
based on reservoir o?eration. Determ ne the abundance
and availability of fish food items in the reservoir
including the distribution, abundance and conposition of
zoopl ankton conmuni ty, the benthic comunity, surface
insects and forage fish. Quantify the use of each food



4)

Itemby inportant fish species seasonally.

Det erm ne how drawdown changes reservoir habitat for fish
and fish food org?ani sms and af fects conpetition for food
and space among fish.

Devel op a model which will estimte inpacts of various
| evel s of drawdown on affected fish popul ations.

The first three years of the study will be concerned prinarily
with analysis of the effects of reservoir 0ﬁeration upon gane fish

production. Information was collected on t

e follow ng aspects of

the study during 1983.

1) Collection of water quality data including water tenpera-

ture, dissolved oxygen, pH conductivity and light trans-
m ssi on.

2) Collection of data on fish food org?ani sms, including

zoopl ankton, insects on surface fil mand bent hos.

3) Collection of data on seasonal food habits of westslope

cutthroat trout, bull trout (Salvelinus confluentus),
mount ai nwhi tefish(Prospiumwlliansoni) and northern

squawfi sh (Rychochei | us oregonensi s).

4) Collection of data on geographical, vertical and

shoreline or offshore distribution of fish.

Assessnent of novement patterns of westslope cutthroat
trout and bull trout.

Assessnent of habitat quality and barriers to upstream
mgration of cutthroat and bull trout spawners.

Testing and nodification of equi pment and net hods.

8) Age and growth of gane fish species.
9) Methods of data anal ysis.

10) Modification of sanple design.

This report is concerned primarily with the analysis and
nodi fication of equipnent, methods and sanple design. Information
Is presented on the results of fish trapping, tagging operations
and el ectrofishing population estimtes in tributary streams, since
these aspects of the study were conpleted for the field season
Data collected on other aspects of the study were inconplete and

will be

presented in the next report when an entire field season of

information will be available.



This report also presents a prospectus which: 1) discusses
environmental factors which may be limting game fish production: 2
reviews criteria for reservoir operation and discusses flexibility
which may exist in the systemthat may benefit gane fish; and 3)

di scusses conceptual nmodel s which woul d predict the effect of
reservoir operation on ganme fish production



DESCR PTION CF STUDY AREA

Hun?r¥ Horse Damwas conpleted in 1953 and the reservoir
reached full pool elevation of 3,560 feet msl in July, 1954. The
dami npounded the South Fork of the Flathead River eight kmup-
streamfromits confluence with the Flathead River (Figure 1).
Hungry Horse is a large storage reservoir whose prinary benefits
are flood control and power production. The principal power bene-
fit comes from generation at downstream projects. \ater passes
through 19 downstream projects, generating apprOX|nateIg 4.6
billion kilowatt hours of energy as conmpared to 1.0 billion at the
Hungry Horse project.

The South Fork drains an area of approximately 4,403 kn2 on
the west side of the Continental Divide in northwestern Mntana.
The basin is underlain principally by sedimentary rocks. The
entire basin is alnost entirely within |ands adm nistered by the
U S. Forest Service with the upper part being in the Bob Marshal
W derness area.

WATER QUALI TY

Water quality data collected during 1978 indicated that Hungry
Horse Reservoir is an oligotrophic body of water with [ow nutrient
input and primary productivity. Low nutrient concentrations,
transparent water and |ow al gal standing crops are related to the
basin's geology, the conparatively pristine nature of the South
Fork watershed and reservoir norphol ogy. Mst of the drainage area
i s underlain by nutrient-poor Precanmbrian sedinentary rock which is
frequently deficient in carbonates and nutrients. Mean concentra-
tions of surface water total phosphorous, and dissol ved orthophos-
phorous ranged, from0.008 to 0.029 ng/1 and 0.005 to 0.013 ny/l,
respectively. Average concentrationg of chlorophyll a in surface
waters ranged from0.45 to 0.82 ng/n? (Bureau of Reclamation 1981).
Phosphorous concentrations were higher in the upper end of the
reservoir, but chIoroph%II a concentrations were highest near the
dam and | ower towards the upper part of the reservoir

MORPHOMETRICS

The reservoir at full pool is 56 kmin length with an area of
23,800 acres and a vol une of 3,468,000 acre-feet. Useable storage
for power production starts at elevation 3,336 nsl and includes
2,982,000 acre-feet which is 86.0 percent of total full pool vol-
ume.  Maxi mum drawdown of 224 feet woul d | eave only 14.0 percent of
full pool capacity (Table 1). The maxi mum drawdown on record of
128 ft. in 1972 reduced the volume to 37 percent of full pool. The
reconmended drawdown of 85 feet reduces reservoir volume to 53
percent of full pool capacity.

Annual retention and flushing times in Hungry Horse Reservoir

vary between 2.51-3.12 and 0.84-5.31 years, respectively. Mnthly
values vary from0.16 to 7.28 years for retention tine and 0.21-
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Table 1. Mrphonetric data for Hingry Hor se Reservoir.

Drai nage area (sq. m|es)
Average annual discharge (acre-ft)
Surface area (acres)

Pool length (mles)

Shoreline length (mles)
Shorel i ne devel opnent

Mean Dept h

Storage capacity (acre-ft)
Useabl e storage (acre-ft)

El evation at full pool (ft)

El evati on at mini numpool (ft)

1,700 (4,403 sq. km)
2,386, 918 (2. 95 cubi ¢ km)2/
23,800 (9, 632 ha)

35 (56 kn)

133 (213 kn)

5. 95

146 (44.5 n)

3,468, 000 (4. 24 cubi c km
2,982, 000 (3. 68 cubi ¢ kn)
3,560 msl (1085.8 n)
3,316 nsl (1011.4 n

al Based on unregul ated flow from 1929-51.
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26.21 years for flushing time. Hungry Horse Reservoir has a com
paratively | owwater exchange rate in conparison to Lake Koocanusa
where annual retention and flushing tinmes range between 0.14-0.66
and 0.14-0.62 years, respectively (Wods 1982). Short retention
and flushing times were an inportant factor in liniting prinary
productivity in Lake Koocanusa, because they produced a weak
thermal structure which allowed circul ation of phytoplankton out of
the euphotic zone. The conparatively long retention and flushing
times 1n Hungry Horse Reservoir indicate thermal structure shoul d
be much less influenced by inflow and outflow currents than in Lake
Koccanusa.



METHODS
RESERVO R MORPHOMETRY

Hungry Horse Reservoir was segregated into the Enery, Mirray
and Sullivan areas based on reservoir norphonetry and the effects
of drawdown (Figure2). Wthin each of these study areas a perm
anent sanpling site was sel ected for water quality and zoopl ankton
sanpling. Vertical fishdistributionand benthic macroinvertebrate
sanpl es were collected near these permanent sites. In addition to
permanent sanpling sites, transects were established across the
reservoir at visual |andmarks where randomy sel ected zoopl ankt on,
surface insect and purse seine sanples were col | ected.

For this report, contour maps of the reservoir made |orior to
i npoundment were used to determne surface area and shoreline

| ength of the reservoir at 20 foot contour intervals. Contour
|n|t|erval)s were digitized by geographic area (Emery, Mirray and

Sul l'ivan).

Eventual Iy, each 10-foot contour interval wll be digitized by
geographic area. The area and vol ume of each 10-foot interval can
then be conputed using the program GECSCAN devel oped by MDFWP
(Lonner and Paxton, i nprep.).

PHYSI CAL LI MNCLOGY

\Mter tenperature (°c), dissol ved oxygen (mg:171), pH and
specific conductivity (umhos.cm| were neasured at the pernanent
sites. Measurenents were taken biweekly from May through Cctober
with a Martek Mark V digital water quality analyzer, and nonthly
from Novenber through March, when access to the reservoir was
available. The vertical profile data were collected immediately
bel ow the water surface, 1, 3, 5 7, 9, 11, 13, 15, 18, 21mand
every three neters down to 60 m then every five meters from60 m
to 100 mor the bottom Calibration of the meter was done in the
field fromJuly throu?h Cctober and will be done in the |aboratory
imediately prior to field neasurements from Novenber through March
when anbient air tenperatures are bel ow 0.0°C.

Light transmttance was neasured in foot candles using a
Protomatic photometer. Incident |ight was measured imediately
above the water's surface. Light penetration was measured at
dept hs of 90, 60, 30,15, 5and 1 percent of the incident |ight.
Greeson et al. (1977) defined the | ower boundary of the euphotic
zone as the 1.0 percent of incident light depth.

~ Wter tenperature, dissolved oxygen, pH conductivity and
light transmttance data by depth will be entered into conputer
data files and transferred to the U S. Geological Survey WATSTORE
systemand the Environnmental Protection Agency STORET system
I'sopleth diagranms will be generated using a conputer programtitled



HUNGRY HORSE RESERVOIR

Fi gure 2. Mp of Hungry Horse Reservoir showing netti
water quality, vertical net and zooplankton stations
(X), fish trap location (v), and electrofishing sections

(V).
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STAMPEDE (Wcds and Falter 1982). This data base will be used in
correlation anal yses of vertical zooplankton and fish distribution.

Several problens were encountered during measurenents of phys-
ical-chemical profiles. Field calibration of the Martek neter
requi res approxi mately one hour at each sanplin% station. At
anbient air tenperatures bel ow 0.0°c, field calibration was
I npossi bl e and the conductivity probe woul d not function.

Water quality data collected in 1983 was within the range of
val ues found in 1978 (Bureau of Reclamation 1981). The D.Q, pH
and conductivity measurements were within tolerance |evels for fish
species within the reservoir.

Water quality data should be collected until Cctober, 1984.
After this date, tenperature profiles will be taken biweekly and
D.O, pH and conductivity measurements seasonally. TheUS. GS.
shoul d al so col lect primary productivity data fromat |east one
area of the reservoir.

FI SH FOOD AVAI LABI LI TY
Zooplankton

Crustacean zoopl ankton were sanpl ed fromthe upper 30 mof the
water colum. Three 30 mvertical tows were nmade biweekly in the
Enery and Sullivan areas and two in the Mirray area fromlate July
through md-Decenber, 1983. A 153-mcron nesh conical plankton
net having a dianmeter of 0.115 mwas used. In each area sanples
were col I ected at the permanent |imol ogical buoy and a randomy
selected site. An additional sanple was taken in the Enery and
Sullivan areas in Emery and Gaves bays, respectively. Sanples
v(verétgez;:ol | ected according to methods presented in Leathe and G aham

1982).

Vertical distribution of zooplankton was assessed using a 28.1
l'iter plexiglass Schindler plankton trap (Schindler 1969). A
plankton trap sanple series consisted of duplicate sanples
collected fromthe surface and every three neters down to 15 m and
then every five meters down to 30 m Plankton trap sanple series
were col lected monthly in the three areas at the pernmanent
| i mol ogi cal buoys fromm d- August t hrough m d- Decenber.

Al zoopl ankton sanpl es were preserved in the field with a
m xture of four percent formalin and 40 g.17+ sucrose. Pl ankton
net sanpl es were diluted or concentrated in the laboratory to a
vol ume where each one m subsanpl e contained approxi mately 80 to
100 organisms. Five 1.0 m subsanpl es were counted and i dentified
in a Sedgew ck-Rafter counting cell using a binocular conpound
m croscope at 40X total magnification. Separate counts were nade

to estimate the densities of Leptodora and Epischura using a
Bogorov counting chanber (Gannon 1971) and a di ssecting m croscope
at 38X total magnification. These organisms were relatively |arge,
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but sel dom appeared in subsanples due to their |ow densities.
Schindler trap sanples were concentrated to approximtely 10 ni.
@em subsanpl es were counted and identified i na Sedgew ck Rafter
counting cell until the whole sanple had been enunerated. Bionass
of zooplankters will be estimated using | ength-weight relationships
(Bottrell etal.1976).

Cl adocerans were classifiedto genus (Mg Leptodora,
Bosm na), and copepods were segregated i nto Cal anoi ds (genus

D apt onus and Epi schura). and Gycl opoi ds (gaus . Al
jdﬁgnile copeggés mere)identi iedpgs naugl|i. Deﬁg?ﬁ?%s were
expressed as nunber per liter except_for Epi schuraand Leptodora
whi ch were expressed as nunber per m3 due to their |ow nunbers.
One randomone m subsanpl e was used to measure carapace | ength of
each individual plankter, using a graduated field in one ocular of
t he mi croscope.

The net hods used to sanpl e and anal yze zoopl ankt on sanpl es
aPpear to be suitable for providing the data required for this part
of the study. W don't anticipate any S|§n|f|cant changes in the
zooFlankton net hodol ogy, except taking additional sanples which
woul d increase precision of popul ation estimtes and their
variances.

Surface Insects

Surface insects were sanpled using a net towed along the water
surface. The net consisted of a one meter wide frame attached to
3.17 mm nesh ace bobbin netting which tapered back to 1.59 nm nesh
bobbin netting with a collar. A renovable plexiglass bucket was
attached to this collar. The bucket had a panel of 80 mcron nesh
netting to filter the surface water and retain all insects.

Two randomy selected sites in each area were sanpled biweekly
fromAugust through Decenber. Two sanples were collected at each
sanple site. (One tow was made within 100 mof the shore and one
further than 100 m from shore. Each sanple was col |l ected by tow ng
the net at approximately 1.0 m. sec for 10 mnutes in a zig-zag
pattern.

Al insects were preserved and individuals were identified to
order and counted. Blotted wet weights of insect orders were
measured in grams. Densities of insects were expressed as nunbers
and wei ght per hectare.

Tenporal distribution of adult aquatic and terrestrial insects
on the water surface was patchy. However, distributions in gen-
eral were consistent between inshore and offshore zones at indivi-
dual transects sanpled. The time of sanpling shoul d be standard-
ized to md-afternoon. Sanples shoul d be collected nore frequently
to estimate tenporal variation in the insect distribution.

11



Benthos

Bent hos sanpl es were col l ected during the fall and w nter
season wWith a Peterson dredge which sanpled .042 sq. neters of
reservoir bottom froma permanent transect. Three replicate
sanpl es were taken from each of the following depth intervals for a
total of nine sanples: 1) full pool elevation (3,560 ft.) to
recomrended drawdown el evation of 3,475 feet; 2) recomended to
maxi mum drawdown on record at elevation 3,432 feet: and 3) bel ow
el evation 3,432 feet.

Benthos sanples were sieved in the field through 5.6, 0.85
and 0.52 mmsieves and the material retained on the 0.52 mmsieve
was preserved. Al macroinvertebrates were pi cked fromthe sanple
and 1dentifiedto order or class (Diptera, Ephemeroptera and
Qigocheates). Number andtotal blottedwet weights were det?f—

m ned and densities were expressed as nunber - and grams-m~<,

FOCD HABI TS

Food habits of the major fish species were assessed seasonal |y
inall three areas. W collected stomachs fromup to 10 westsl ope
cutthroat and bull trout nountain whitefish and northern squawfish
per size class. Food habits data will be analyzed according to
net hods of Leathe and G aham (1982).

Anal ysi s has not been conpleted on stomach sanples. Prelinmi -
nary anal ysis of coarsescale and |ongnose sucker stomachs col | ect ed
during August indicated they contained unrecognizabl e vegetable
anddetrital matter. W discontinued collecting sucker stomachs
during fall sanmpling, but will continue cursory examnation of
sucker stomachs to ascertain whether they are consuming plankton or
macroi nvertebrates at any tine duringthe year.

FI' SH ABUNDANCE AND DI STRI BUTI ON

Horizontal Floating andSnking Gill Nets

Standard experinmental floating and sinking gill nets were used
to sanple fish in near-shore areas. These nets are 38.1 mlong and
1.8 mdeep and consist of five equal length panels of 19, 25, 32
38, and 51 mm nesh. Floating nets sanpled from the surface down
1.8 mand sinking nets sanpled fromthe bottomup 1.8 m A float-
ing net set consisted of two floating nets tied end to end (double
floater) fished perﬁend|cular from shore. A sinking net consisted
of a single net fished perpendicular from shore, Seven double
floaters and three sinkers were set in the evening and retrieved
the next norning on a nonthly basis in each area (Figure 2).

Al fish were renoved fromthe nets, identified to species,

with length (nm) and weight (g) recorded for each fish. Sex and
state of sexual maturity (ripe, spent, mature, inmature) were
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recorded for gane fish. Scale sanples were taken fromall ganme fish
and representative nunbers fromnongane fi sh.

Horizontal gill nets were effective in sampling for all fish
species when they were distributed in inshore areas, except for
pygny whitefish_(Prosopiumcoulteri and (Cottus sp.) sculpins. A
nore intensive effort on a seasonal basis, however, may provide
nore reliable data on fish abundance in nearshore areas than
nmonthly col | ections.

Eight vertical gill nets were set nonthly in two banks of four
at permanent buoys in the Emery and Mirray areas (Figure 2). Nets
were set in the evening and retrieved the next norning using the
net hods described by Horak and Tanner (1964). The nets used were
3.1 mwde and 45.6 mdeep. Depths were marked in 1.0 mincre-
nents. Each bank of four nets included nets of nesh size 19, 25,
32, and 38 mm Fish were renoved as nets were retrieved and their
depth of capture recorded along with nesh size.

Vertical nets were inefficient in collecting fish in deep
of fshore waters in Cctober and Novenber. [f catches in vertica
nets remain [ow, we should devel op another nethod to determne the
vertical distribution of fishin relation to water tenperature.
This could entail the use of paired gang sets of floaters and
sinkers and mdwater sets of standard gill nets.

Acoustical Sampling
Hydroacoustic sanpling was conducted using a recording chart
depth sounder. Three permanent transects were |ocated in each
area.  Hydroacoustic runs were nmade across these transects once

nonthly during the day and at night, beginning in Cctober (Figure
2).

Conparatively few fish were detected with the acoustical gear
in Cctober and November. The gear identifies only a small percent-
age of the fish located near the surface, bottom and shoreline. If
the nunber of fish [ocated by hydroacoustic remains low, this
sanpling technique will be discontinued.

Biese ni ng

A 183 mlong by 9.1 mdeep purse seine was fished severa
days to test its efficiency. The seine was made up of two panels
76.2 mlong of 19 nmmesh net with a 30.5 mlong bunt of 9.5 mm
mesh in the center. The small nesh size of the bunt contributed to
slow pursing tines which was believed to greatly reduce the effec-
tiveness of the seine. W have nodified the seine by renmoving the
bunt and replacing it with a 30.5 mlong section of 19 nmnesh to
reduce the drag during pursin?. | ntensive purse seining will be
done during the sprin? and fall when fish are concentrated near the
water's surface (MMIllin 1979 and Leathe and Graham 1982) and thus
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susceptible to capture by the seine. Population estinmates of mgjor
game species will be made using an area-density formla.

TR BUTARY FI SH PCPULATI ONS ANU HABI TAT
Electrofishing Population Estimat

Popul ation estinmates were obtained on seven streans (Figure 2)
to determne fish abundance. The two-pass procedure (Zppin 1956)
was used to make estimates in streams with flows |ess than about
10-15cfs. At higher flows the nark-and-recapture nmethod was
utilized (Vincent 1971). The section length for the mark-recapture
estimate was 300 mas conpared t o 150 mfor the two-pass nethod. A
brai ded nylon bl ock net (12.7 mm nesh) was placed at the |ower and
upper boundary of the shocking section for two-pass estimtes. The
fish were collected by electrofishing. A stationary plate |ocated
in the water near the generator was used as the cathode. The anode
was hand hel d and connected to the Variable Voltage Pul sator with
enough electrical cord to extend over the entire section. In
general, methods outlined by Shepard and G aham(1983a) were used,
except that block nets were not used in the mark-recapture sections.

Box traps and | eads covered with 6.4 mmsquare nesh hardware
cloth were installed in Enery, Hungry Horse, Tent, Mirray Mlnernie,
N. F. Logan, SF Logan, Lower and Upper Twin, Tin, Cark, Sullivan
and \Weel er creeks (Figure 2). Traps were checked twice daily and
all fish were renoved, anesthesized, neasured and wei ghed. Speci es,
| ength, weight, tag nunber, tag type and date were recorded for
each fish. Al fish longer than 250 nmwere tagged with nunbered
anchor tags and fish 100 to 250 mmin length were tagged with
nunbered dangler tags. Scales were taken for age determnation
from representative sanples of fish from each stream

A velocity barrier and upstreamtrap was designed and install-
ed at the permanent trap site in Hungry Horse Creek (Figure 2). A
VWl f type downstreamtrap will be installed in spring, 1984 to
noni tor the downstream novement of juvenile and adult westslope
cutthroat trout. An upstream box traF wll be installed to capture
spawning adults. Downstream traps will also be fished in Enery,
Lower Twin, Sullivan, Forest and \Weel er creeks.

Habitat Quality

Habi tat surveys were conducted in Enmery, Hungry Horse, Tent,

Mlnernie, dark and Wunded Buck creeks (Figure 2) according to
met hods presented by Gahamet al. (1980a). Reaches were separated

on USGS contour mps (1:24,000) usi_n? val l ey characteristics,
channel gradient and anount of tributary inflow.
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FI SH AGE AND GROMH

Scal es were taken froma representative nunber of fish collect-
ed in traps and gill nets to determne growth and age conposition of
the Popul ation. The scales were collected froman area just above
the lateral line along an imginary line drawn between the posterior
insertion of the dorsal and anal fins. Distances fromthe focus to
annuli were neasured to the nearest mllineter and the data recorded
on conputer coding sheets. The FIRE | program(Hesse 1977) will be
used to cal cul ate the body-scal e relationship.

DATA ANALYSI S
Reservoir Habitat

Vewl!| evaluate the anount of reservoir habitat available at
various water surface elevations using a conputer program called
(ECSCAN (Lonner and Paxton, in prep.). This programw || conpute
water surface area, reservoir bottom surface area, and water volune
based on preselected littoral open-water habitats at various water
surface elevations. W will have the capability to overlay cover
types and substrate types to cal culate areas of these habitat
cpn])onents at various water surface elevations. These conputations
will be done by geographic area.

Physical-Chemical Limnology

| sopleth diagrams of the reservoir will be generated using a
USGS conputer program cal | ed STAVPEDE (Wods and Falter 1982).
Depthintergrated physical - chem cal measurementsw || be correl ated
to depth distribution of zoor)l ankton and fish to investigate what,
if any, environnental variables may be controlling the vertical
di stribution of zooplankton and fish.

H sh Food Avail ability

Anal yses of zoopl ankton, surface insects, and benthic macro-
invertebrates were based on density data. Biomass and numbers of
each of these three major food categories will be determned on
either an areal or volunetric basis. Food availability versus food
utilization will be evaluated as a selectivity index using the odds
ratio and its log (first introduced by Fleiss 1973, then nodified
by Gabriel 1978).

H sh D stribution adSeasonal Abundance

Fish distribution and relative abundance data were analyzed
using catch per single net night by species. A WIcoxon natched-
pairs signed-ranks test will be used to determne if a significant
difference exists between inner versus outer floating gill nets
within each double floating set (Daniel 1978). W wll transform
the net catch data to logrithmc nunbers in order to normalize it.
This will enable us to use normal statistics so that we can sinul-
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taneously evaluate difference between areas, seasons, and years.
Correlation and regression analyses will be used to relate environ-
mental and food abundance variables to fish distribution and
abundance.

Food Habits

Food habits data will be summarized for each species by season
and size class (when applicable) according to methods presented by
Leat he and C?ahan1él982). Food selectivity will be evaluated using
the odds ratio and its log. Diet overlap will be evaluated using
ei ther the Schoener index (Schoener 1970) or based on Chi-squared
(Pearre1982).

Migration Patterns of Game Fish

Mgration patterns of gane fish will be assessed fromtag
return information collected during our sanmpling and from angler
returns. Tags returned by anglers will bias the mgration data,
because anglers concentrate in the Enery area of the reservoir
(Huston1974). A fishing pressure survey is needed to correct the
tag return data for this bias caused by differences in fishing
pressure among the reservoir areas. The programRTRN (G aham et
al. 1980b) will be used to sort and anal yze migration data.

Tributary Streams

Al habitat data will be entered onto the Montana Interagency
Stream Fi shery Database (Holton et al. 1981). Tables and naps
summarizing habitat and fish information for each tributary stream
by reach w Il be prepared simlar to those found in MDEWP (1983a,
1983b) .
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RESULTS AND DI SCUSSI ON
TRI BUTARY FI SH POPULATI ONS

E] Fishing Population Estimat

El ectrofishing popul ationestimates for westslope cutthroat
trout were made in Cark, Enmery, Mlnernie, Quintonkon, Sullivan,
Tent and Wunded Suck creeks in fall, 1983. Estinates were al so
made for bull trout in Quintonkon, Sullivan and Wunded Buck
creeks. The locations of the electrofishing sections are shown in
Figure 2 The cutthroat estimates ranged from 92 fish per 300 m of
streamin Quintonkon Creek to 288 fish per 300 min Enery Creek
6gigure 3). Hul'l trout estimates in Quintonkon, Sullivan and

unded Buck creeks ranged from 46- 167 juveniles per 300 m of
stream Cutthroat and bull trout densities in the tributaries
sanpl ed indicates the fish habitat and productivity of these
streams were conparabl e to ot her headwater streans in the Flathead
dr ai nage ( Shepard 1983b).

Migratory Fish Popylations

A total of 1,249 juvenile and 107 adult westslope cutthroat
trout and 63 juvenile bull trout moved through downstreamtraps
fished in tributaries of Hungry Horse Reservoir in 1983 (Table 2
and 3). The location of the traps is shown in Figure 2. Trapping
efficiencies were [ow for nost streams due to high streamflows in
June and July. Many juvenile cutthroat emgrated prior to trap
installation and after trap renmoval. Consequently, the number of
fish traPped in each streamrepresents only a small percentage of
the total juvenile enigration. Traps were installed later in the
west side tributaries (Cark, Sullivan, Tin and \Weel er creeks),
befause streamflows remained high in these streans until late
July.

Eval uation of the inportance of each streams juvenile cut-
throat contribution to the reservoir recruitment is difficult for
the reasons stated previously. It appears that Enery and Lower
Twi n creeks produce substantial nunbers of juvenile cutthroat for
the reservoir. Previous work by Huston (1973 and 1974) indi cated
that Hungry Horse and Sullivan creeks supported najor spamnln% runs
of westslope cutthroat trout. A total of 703 adults and 1,95
juvenile cutthroat were trapped in Hungry Horse Creek in 1971

Trap data collected in 1983 indicates the North Fork Logan,
MlInernie and Tent creeks may al so provide inportant spawning and
rearing habitat for adfluvial cutthroat fromthe reservoir. The
catch of outmgrant juveniles in these streans ranged from 71-141
fish. The catch of outmgrant juveniles in Cark, S F. Logan,
Mirray, Tin and Weeler creeks was quite low, ranging fromfour to
21 fish. Even though catches of cutthroat were low in Weeler
creek, it may support a large spawning run of westslope cutthroat
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Tabl e 2.

The catch of juvenile westslope cutthroat trout in

downstreamtraps fished in tributaries to Hungry Horse

Reservoir and the South Fork Fl at head R ver,

Range and
Peri od mean | engt h
trap Cay of catch

Stream oper ated operated in mm Jun Tot al
dark 7119-8/2 14 126<163>210 - 21(9)%/
Enery 6/23-7/4 9 107<153>215 253 445
Hungry Hrose 6/22-7/17 11 100<146>206 37 124
Logan, NF 6/ 15-7/ 15 16 92<129>210 73 113
Logan, SF 7'5-7"15 8 92<109>117 4
Ml nerni e 6/ 15-7/ 15 21 95<128>168 106 141
Mir r ay 6/ 14-7/5 13 106<149>174 29 29
Sul l'ivan 7122-8/ 10 14 118<170>217 88(16)
Tent 6' 15-7' 15 11 100<143>185 33 71
Tin 7'23-8'2 11 109<134>152 6
Twin, Lower 7'18-8'19 25 110<169>237 - - 200( 38)
Wheel er 7'26-8'9 14 151<170>188 _ 4 7

TOTAL 531 1249

a/ Juvenile hull

trout caught in parentheses.
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Table 3. The catch of spent westslope cutthroat trout spawners
in downstreamtraps fished in tributaries to Hungry

Horse Reservoir, 1983.
Range and
Peri od mean | ength

trap Days of catch Cat ch
Stream oper at ed operated in nm Jun Jul Aug Tot al
dark 7/9-8/2 14 --- - = -- --
Ehary 6/23-7/4 9 363<377>397 3 - 3
Hungry Horse 6/22-7/17 11 291<347>397 14 10 24
Logan, NF 6' 15-7' 15 16 268<344>387 11 1 12

Logan, SF 715-7/15 8 -t 7T -
Ml nerni e 6/ 15-7/ 15 21 297<360>400 5 2 7
Mir r ay 6/14-7/5 13 305<342>364 8 8
Sul l'ivan 7122-8/10 14 329<374>416 8 6 14
Tent 6/ 15-7/ 15 11 305<359>392 23 1 24
Tin 7123-8/2 11 -t 7T - -
Twn, Lower 7/18-8/19 25 250<337>400 9 6 15
Wieel er 71 26-8/9 14 S i -
TOTAL 64 31 12 107
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and produce considerabl e nunbers of juveniles for the reservoir
(Joe Huston, pers. coom). The trap was installed in 1983 after
the peak emgration of cutthroat juveniles had occurred. Mre trap
and habitat data needs to be collected on tributaries before their

i nportance as spawning and rearing streams for adfluvial cutthroat
trout fromthe reservoir can be determ ned.

The size range and average |engths of juvenile cutthroat
caught varied anong the streams. The largest cutthroat were
trapped in Dower Twn and Sullivan creeks and averaged 169 and 170
mm in total length, respectively. Cutthroat in Enery and Mlnernie
creeks averaﬁed 153 and 128 mmin total length, respectively. The
lengths of the fish trapped indicates that nost emgrants were age
class Il and Ill1. Shepard et al. (1982) and my (1975) reported
that juvenile cutthroat emgrants fromMddle Fork Flathead tribu-
%arées and Young Creek were conprised primarily of age Il and I

i sh.

Juvenile bull trout were trapped in Cark, Sullivan and Lower
Twin creeks. Popul ation estimates indicated that Sullivan and
Qui ntonkon creeks have good popul ations of juvenile bull trout
(Figure 3). Sullivan and Quintonkon creeks are reported to have
spawni ng runs of bull trout (Joe Huston, pers. comm).

FI SH MOEMBENTS

Data on the tenporal and spatial distribution of mgmﬂnﬂ
fish in the Hungry Horse Reservoir are necessary to identify the
effects of reservoir operation upon fish stocks and novement
patterns.  Previous work (Huston 1974) indicated that distinct
stocks of westslope cutthroat trout may inhabit the reservoir. It
appeared that sone fish spamn|nﬁ and rearing in Sullivan Creek
mgrated to the |ower part of the reservoir, while cutthroat from
Hungry Horse Creek had a tendency to nove to the upper part of the
reservoir. Drawdown shoul d inpact the HunErK Horse Creek cutt hroat
nore severely than the Sullivan Creek stock because of the more
pronounced effects of drawdown upon fish habitat in the upper part
of the reservoir. An 80 foot drawdown reduces the surface area by
50 percent in the Sullivan area

During the field season, a total of 2,167 juvenile westslope
cutthroat and 144 bul |l trout were marked with dangler tags in 15
tributaries to Hungry Horse Reservoir and the South Fork Fl athead
Ri ver imediately upstream fromthe reservoir (Table 4). Approxi-
mately 56 percent of the cutthroat were caught in traps, 30 percent
by angling and 14 percent by electrofishing (Table 5).

Moverent information was obtained on 13 juvenile cutthroat by
the return of 10 tags by anglers and three tags fromgill net
catches. Mst fish were caught within 10 kmof the stream nouth in
which they were ta%ged (Figure 4). (One juvenile cutthroat tagged
inthe North Fork Logan Creek was recaptured 28.2 km downstream
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Table 4. Nnberof juvenile and spent andult westslope cutthroat trout (WT) and juvenile bull trout (DV)
tagged in tributaries to Hungry Horse Reservoir and South Fork River in June, July, August
and Septenber of 1983.

Nunber of juvenile Nuner of adul t Nunfber of j uveni | e
WCT t agged WT tagged DV t agged

Location Jun Jul Aug Sep Total Jun Jul  Auq Sep Total Jun Jul  Aug Sep TotaT
Clark e 19 2 47 68 - - - 9 - 9
Eary 257 191 -~ 712 520 3 - - — - T -
Hungry Horse 71 89 48 208 21 10 - 31
Logan, N F 68 38 - 106 12 1 13
Logan, S.F. 4 -== 4 -
Ml nerni e 99 34 - 35 168 5 2 T 7o 7 T 5 5
Mir r ay 22 --- - 22 8 - TS 8
Qui nt onkon e N 11 - - 7 7
Sul l'ivan --- 156 338 43 537 ~°° 10 2 12 11 6 10 27
Tent 33 38 - 31 102 21 1 - 22 - ot oo 2 2
Tin 6 -~ 6 -~ 0 T sttt e
Twin Lower --- 129 237 --- 366 " 9 18 27 25 14 39
Twn, Upper 7~ 2 2
V\heel er 713 20
Wunded Buck ~--- ---  --- 27 27 25 25

TOTAL 570 713 590 314 2,167 70 33 20 --- 123 --- 45 20 49 114
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Tabl e 5. Number of juvenile and spent adult westslope cutthroat trout (WT) and juvenile bull trout
(DV) tagged in tributaries to Hunqry Horse Reservoir and South Fork River, 1983. These

fish were collected in fish traps and by el ectrofishing and angling.

NUniber of j uveni I e

Nunmber of adul t

NUnier of j uvenile

VT t aqqged WCT t agged DV t agged
Electro- Hectro- El ectro-

Location Trap fishing Angling Total Trap fishing Angling Total Trap fishing Angling Total
Clark 21 47 -- 68  -- -== -== -== 9 -== i 9
Ehary 439 72 9 520 3 - - 3 - - -
Hungry Horse 122 48 38 208 31 — — 31 — —
Logan, N.F. 102 --- _ 106 13 — — 13 _— —— -
Logan, S.F. --- 4 -- -— -— — _— _— —
MEl ner ni e 133 35 H 168 7 --- --- 7 5 - 5
Mir r ay 22 - 22 8 — - 8 - -
Qui nt onkon -- 11 -- 11 - -== -== — 7 --== 7
Sul l'ivan 88 43 406 537 6 - 6 12 16 10 1 27
Tent 71 31 -- 102 22 - 22 2 2
Tin 6 6 -== e - -— -
Twin Lower 200 --- 166 366 13 - 14 27 38 — 1 39
Twi n, Upper 2 - 2 - --- - - -
Wheel er 7 13 20— - — - -
wounded Buck 27 -- 21 == - - - 25 25

TOTAL 1221 (56$/314 (14) 632(30) 2,167 103(84) --- 20( 16) 123 63(55) 49(43) 2 (2) 114

al Percent of trout caught by trapping, electrofishing and angli ng.
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near Lid Creek. The one bull trout return indicated that the fish
had moved approxi mately 5.2 km downstream

During 1983, 123 adult westslope cutthroat trout were tagged
in eight tributaries to Hungry Horse Reservoir and the South Fork
Fl athead River (Table 4). One hundred three (84% of these fish
were caught in traps as conpared to only 20 (16% captured by hook
and |ine sanpling (Table 5?. Only five adult tags were returned
during the summer and fall of 1983 (Figure 4?. e fish tagged in
Hungry Horse Creek was recaptured approximtely 50 km upstream near
Cark Creek. Mre tag return data are needed before it can be
ascertained if there are distinct cutthroat stocks inhabiting
specific areas of the reservoir.
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PROSPECTUS
INTORDUCTION

The Pacific Northwest Electric Power Planning and Conservation

Act of 1980 included a mandate to provide for effective mtigation
measures for damage to fishery resources caused by existing hydro-
electric projects. As a result, the Northwest Power Planning
Counci| created by the Act devel oped a fish and wldlife program
for the Colunbia River Basin. The programincluded a "water

budget" which woul d al | ow fishery nmanagers to manipulate flows in
the md-Colunbia and |ower Snake rivers to inprove survival of
anadr onous sal noni d snolts. Large headwater sStorage reservoirs
such as Hungry Horse may be required to change their operation
schedul e to neet the demands of the water budget for increased
iFring and early summer flows in the Colunbia River. Qperations at
ungry Horse Dam have recently been nodified to inprove conditions
;‘]ord spawni ng and incubation of kokanee eggs in the mainstem Flat-
ead River.

The current study was designed to eval uate reservoir drawdown
gui del i nes whi ch woul d maintain or enhance popul ations of the
primary game sPeC|es in Hungry Horse Reservoir. Wen conpl eted,
this study will provide the informtion needed to determne the
effectiveness of the drawdown limt and bal ance potentially con-
flicting demands for Hungry Horse water both in reservoir and
downstream

This prospectus reviews: 1) previous work On reservoirs, 2)
life histories of inportant fish species in Hungry Horse Reservoir,
3? how reservoir operation my affect these fish popul ations, 4
flexibility in reservoir operation and how it could be modified to
I ncr ease Broductlon of westslop cutthroat trout, and 5) nodels
whi ch may be used to predict the effects of reservoir operation
upon i mport ant fish species such as cutthroat trout.

Reservoir fish populations often develop in the follow ng
manner. Imediately follow ng inpoundment, fish popul ations expand
and an adjustnment is made froma fish comunity dominated by lotic
speci es to one dom nated by lentic species. Fish popul ations
i ncrease because nore surface area of habitat is available and high
water levels flood terrestrial areas increasing food supplies and
nutrients (El der 1964, Neel 1967, Frey 1967). After several years,
fish populations tend to decrease somewhat and stabilize at a |ower
level than that immediately follow ng inpoundnent (Ellis 1937,
Evans and Vander puye 1973). The reasons for this decline have been
related to increased interspecific and intraspecific conpetition
after the newy created habitat has been filled, the loss of
terrestrial vegetation near shoreline areas caused by water |eve
fluctuations and wave action, and a loss of a portion of the food
supply and nutrients (Ellis 1937).
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Aass (1960, cited in Ploskey 1982) stated that the extent of
water |evel fluctuations is the only factor that affects changes in
the fish food fauna. He also believed trout catches declined in
fluctuating inpoundnents, probably because of |ow benthos popul a-
tions, and the harvest of chars frequently increased as a result of
inprovedzo%FIankton production. Thisinplies that planktivorous
fishes can do well in a fluctuating reservoir environment, while
insectivores do not (Isom 1971, MIler and Paetz 1959). Reduction
of benthos in fluctuating reservoirs has been related to desicca-
tion, loss of vegetation as a substrate and food source, freezing
and siltation (Kaster and Jacobi 1978, Benson and Hudson 1975,
Caflin 1968, Elder 1964, Fillion 1967, Kinsey 1958). Conversely,
zooPlankton popul ations oftenincreasedramaticallyimediately
fol | owing inpoundnent and remain relatively constant (even in
fluctuating reservoirs). Declines in zooplankton abundance after
| mpoundnent have been attributed to |oss of productivity caused by
| eaching of nutrients fromthe recentlé fl ooded reservolir bottom
(Kimsey 1958, Grinmas 1967, MIler and Paetz 1959, N |sson 1964).

The fishery in Hungry Horse Reservoir is unique to nost
western col dwater reservoirs in that the principal sport fish,
west sl ope cutthroat and bull trout, are native species which are
maintained entirely by natural reproduction. Mst gane fish
popul ations in large col dwater storage reservoirs are maintained by
plants of hatchery rainbow and brown trout (Marrin and Erman 1982,
Ceer 1978).

PHYSICAL~CHEMICAL ENVIRONMENT

Reservoir volume and surface area decrease rapidly as drawdown
occurs (Figure 5). Shoreline length actually increases at inter-
medi ate | evel s of drawdown (Figure 6). Inflection points in the
curves occur at approximately elevation 3480 where extensive flat
areas are dewat ered, esFeciaIIy in the upper part of the reservoir
Reduction in volune is |argest fromel evations 3560- 34880, where 45
percent of the storage capacity is contained.

Reservoir operation has varied considerably since Hungry Horse
was first filled. Annual drawdown for flood control and power
production usually reaches its maximumin March or April. Hstoric
operation can be classified into three periods based on average
annual maxi mum drawdown: 1) 1955-64 when drawdown averaged 64 ft.,
2) 1965-75 when drawdown averaged 92 ft., and 3) 1976-82 when
drawdown averaged 66 ft.  Maxi mum drawdown has ranged from31 ft.
in 1963 to 128 ft. in 1972 wth a mean of 76 ft. (Figure 7).

Maxi mum drawdown in 28 years of record has been bel ow the proposed
85 foot level in eight years. \ater requirements for water budget
flows may nodify reservoir operation in 1984

~ Retention and filling times for Hun%ry Horse Reservoir are
high ranging from2,51-3.12 and 0.84-5.31 years, respectively. It
appears that reservoir operation has |less effect upon the therm
structure of Hungry Horse Reservoir than bake Koocanusa
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Little data has been collected on the water quality in Hungry
Horse Reservoir. As noted previously, Hungry Horse is an oligo-
trophic body of water, lowin nutrients and total solids as
indicated by specific conductance.

BI OTI C COWUNI TY
Phytoplankton

Primry productivity studies have not been conducted on Hungry
Hor se, H%g Chl orophyl| a concentrations in 1978 ranged from 0.45 to
0. 82 ny/ (Bureau of Reclamation 1981). Primary productivity as
i ndi cated by Chlorogh Il a concentrations is conparable to Lake
Koacanusa (Wods 19 2{ whi ch was on the low end of the oligotrophic
scal e

Phyt opl ankton are the primary producers in the open-water
zones of |akes and are especially inportant in fluctuating reser-
voi r environments where annual dewatering of the littoral zone
prevents the establishment of rooted aquatics. Production of
phytopl ankton i s control led primarily by energy (sunlight) and
nutrient availability. Phytoplankton are the primary producers in
Hungry Horse Reservoir, primary consumers are zoopl ankton and
benthic invertebrates, secondary consumers are zoopl ankton or fish
and tertiary consuners are fish

Fish Food Qraanisms

Initial analysis of the zooplankton sanples collected in 1983
indicated that popul ation densities in FUngr% Horse were conparable
to those found I n Flathead Lake, but | ower than densities in Lake
Koocanusa (Leathe and Graham 1982, Irving and Falter 1981).

Zooplankters_occuPy an inportant positionin the food web and
energy relationships of |akes and reservoirs. Zoopl ankton f eed
upon phytopl ankton and are the primary consuners in the food chain
(Reid 1961). \Westslope cutthroat and bul | trout pass through an
early growt h stage in which zoopl ankton is the mjor source of
food. Underlying all evaluations of productivity of animals are
their trophic relationships with plants and ot her animal s éthze
1975).  Zoopl ankton, benthos and terrestrial insects provide a

pat?maﬁ t hrough which energy is transferred fromprimary producers
to fish.

~ The benthos community of Hungry Horse Reservoir consisted
primarily of Dipteran |arvae and O1gochaetes. Dipterans were
utilized by cutthroat in Lake Koocanusa primarily in the spring and
early summer when they enmerged and were available in the water
colum. QOigochaetes were not consumed by cutthroat or rainbow
trout (MMiIllin 1979).
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Fish Species
Historic Status

Prior to construction of Hungry Horse Damin 1954, the South
Fork Flathead River draina%e was consi dered the major spawning area
for adfluvial fish stocks from Flathead Lake. Substantial numbers
of bull trout and westslope cutthroat trout spawned in the South
Fork drainage along with smaller nunbers of nmountain whitefish and
kokanee sal non (hcorhynchus nerka). Native fish species in the
South Fork drainage prior to dam construction included west-slope
cutthroat, bull trout, mountain whitefish, northern squawfish,
| argescal e sucker ((Catost onmus macrocheil us), | ongnose sucker

t t pygny whitefish  (Prosopi umcoulteri) and
scul pins (Cottus sp.).

. The native species conprise almost the entire fish popul ation
in the reservoir. They are considered abundant except for pygny
whi tefish and Ion?nose suckers which are rated as rare and conmon,
respectively (Table 6). Pygny whitefish may be nmore abundant than
net data indicates, because they are not vulnerable to being caught
in shoreline net sets

Exoti c speci es,saudt ilc @mayl hng ( Thymal | us_arcticus), yel | ow
stone cutthroat (Salno_clarki bouvieri), and rai nbowtrout (S no
gairdneri) are present but rarely collected. Approxinately five
mlliongrayling fry were planted in the reservoir in the md-
1950's and 13,000 adult fish in 1965. No other fish species have
been planted in the reservoir. However, rainbowtrout and Yel | ow
stone cutthroat trout reached the reservoir by drifting downstream
fromhigh mountain | akes planted from1930's through 1960. Since
1970, westslope cutthroat trout has been the only species planted
inthe South Fork drainage. [Interbreeding has occurred between
west sl ope cutthroat, Yellowstone cutthroat and rainbow trout in six
tributaries which have |akes as their source (Leary et al. 1983).
The adfluvial strain of westslope cutthroat trout Inhabiting the
reservoir appears to be a pure strain, but nore electrophoretic
work is needed to substantiate the stock integrity.

Fisheries studies on Hungry Horse Reservoir began in 1958 and
consi sted primarily of nonitoring spawning runs of westslope cut-
throat trout into Hungry Horse Creek, nodifying and/ or rennvin?
barriers to upstream fish migration, and nonitoring reservoir fish
popul ations with sinking gill nets.

~ Cutthroat populations in the reservoir were initially linmted
Ey i nadequate recruitnent of Luvenlles fromthe tributary streans.

I sh passage problenms caused by poor culvert installation on the
road around the reservoir were inproved from 1963 to 1965 by the
Mntana Department of Fish, Wldlife and Parks and U S. Forest
Service (Huston 1970). This programresulted in increased spawning
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Tabl e 6.

The rel ative abundance of fish species in Hungry Horse

Reservoir as determined by gill net catches and creel

surveys from 1958 to 1983.

par ent heses.

Abbreviations are given in

. - Rel ative
Speci es Scientific nane abuncance a/
Native Species

Wést sl opecut t hr oat Salmo clarki fewisd A
trout (WT

Bul | trout (DV) Satvelinus congluentus A

Mount ai nwhi tefi sh Prosopium williamsond A
(M

Pygny whi t efi sh (PW) Prosopium coultess 2/

Nort hern squawfish Ptychocheilus ornegonensds A
(N9 _

Largescal e sucker Catostomus machochedlus A

Longnosesucker Catostomus catostomus C
(Lnsy

Scul pi n'speci es Cottus Ap. R

Exotic Species

Rai nbow t r out (RB) Satme gaindnens R

Yel | owst one cut t hr oat Salmo Lewdsd bouvieri R
trout (YCT)

Arctic grayling (R Thymatlus arcticus R

a/ Rel ati ve abuncance;

A= abundant, ¢ = camman R=rare.

b/ Pygny whi tefi sh may be nore abundant than net catches indicated
~ because they inhabit deep offshore waters and are not vul nerable

to shoreline net sets.
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success and subsequent recruitment of juvenile cutthroat to the
reservoir.

Westslope cutthroat trout is the prinar¥ speci es sought by
anglers in Hungry Horse Reservoir. From1961 through 1969, west-
slope cutthroat conprised 95 percent of the catch with the reminder
consistin? of mountain whitefish, bull trout and grayling (Huston
1971). A fishery for mountain whitefish occurs in tributary
streans having spawning runs in the fall

The Iar?er average drawdown from 1965-1975 appeared to
adversely affect westslope cutthroat trout popul ations (Huston
1975) . Spawninﬁ runs into Hungry Horse Creek declined and growth
of age IV cutthroat trout was slower during this period then during
periods of snal | er drawdowns.

Life Hstoryof Véstslope Qutthroat Trout

Cutthroat trout inhabiting Hungry Horse Reservoir are thought
to be derived fromFlathead Lake fish trapped behind Hungry Horse
Dam when it inmpounded the South Fork. Three distinct life history
patterns of westslope cutthroat commonly occur throughout their
native range (Behnke 1979). Juvenile adfl uvial westslope cutthroat
spend one to three years in the tributaries before emgrating to
Hungry Horse Reservoir. They generally reside in the reservoir for
one to three years, mature and return to their natal streamin June
and July to spawn and conplete the life cycle. Fluvial westslope
cutthroat trout are found in the mainstem of the South Fork. These
fish have a simlar life cycle to the adfluvial strain, except that
they grow and mature in a [arge river rather than a |ake or reser-
voir. The resident strain of westslope cutthroat trout conpletes
its entire life cycle in small headwater streams. These fish
sel domreach total |engths |onger than 200 nm whereas fluvial and
adfluvial cutthroat trout attain total lengths up to 400-450 mm

~ The spawning run of cutthroat trout into Hungry Horse Creek
typically begins during the |ast week of My and continues into the
frrst week of July (Huston 1972). Spawning runs into west side
tributaries generally occur two to three weeks |ater than in Hungry
Horse Creek due to later runoff and cooler water tenperatures
Reservoir cutthroat utilize tributaries to the South Fork of the
Flathead River fromthe head of the reservoir to Meadow Creek
Meadow Creek gorge, |ocated 37 km upstream from the reservoir,
appears to be a barrier to further upstream novement in the South
Fork (Huston 1973). Fish passage during spring runoff is especial-
ly ditficult due to the high water velocities and violent turbulence.

- Cutthroat trout in tributaries of the North Fork Flathead
River spawned over gravels ranging in size from2-50 mm (Shepard et
al. in prep.). Average water depths over redds ranged from 17 to
20 cmand average water velocities ranged fromO0.30 to 0.37 nps.
Incubation time varies inversely with tenmperature with eggs hatch-
ing within 28 to 40 days. Fry remaininthe gravel for approxi-
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mately two weeks after hatching and emerge 45-75 days after egg
fertilization, depending on water tenperatures. Fry energe from
the streanbed fromearly July to | ate August in upper Flathead
River Basin tributaries.

CQutthroat trout emerged as fry at a length of approximtely 20
mm and grew 20 to 40 nmduring the first year. Cutthroat trout in
the upper Flathead River tributaries did not forman annulus the
first year if only one or two growth rings (circuli) had formed by
the beginning of the first winter (Shepard et al. in prep.). An
estimted 61 percent of the cutthroat trout fromthe upper Flathead
basin had not formed a first year annulus, simlar to results from
North Fork Cl earwater and Upggr St. Joe rivers. Prelimnary analysis
of scales fromHungry Horse Reservoir tributaries indicates that
many cutthroat did not forman annulus the first year. Fish from
east side tributaries had a higher frequency of annulus formation
than the west side streans.

Vst sl ope cutthroat trout juveniles generally begin moving
downstream out of tributaries when streanflows decline in June.
Peak emgration fromHungry Horse Creek occurred in July and con-
tinued into August (Huston 1972%. Smal | er nunbers of juveniles
continued to emgrate fromtributaries of Lake Koocanusa in August,
Sept enber and Cctober (May 1975).

In 1968 and 1970, the juvenile emgrants from Hungry Horse
Creek averaged 32.8 percent age |, 56.0 percent age Il, and 11.2
Rfrcent age Il (Huston 1972). Juvenile cutthroat from North and

ddl e Fork tributaries emgrated primarily at age Il or [Il wth
fewer fish leaving at age | and IV (Shepard et al. 1982).

Gowth of juvenile cutthroat in Hungry Horse Creek was faster
than other streans in the upper Flathead basin. Age Ill fish
averaged 162 mmin total length as conpared to 132 and 138 mmin
Wrth Fork and Mddle Fork tributaries, respectively (Fraley et al.
1981). Gowth was nost rapid during the first year of residence in
the reservoir with mgration class two fish attaining a growh
I ncrement of 133 nm (Huston 1972).

Habi tat preference of juvenile cutthroat trout during their
first year of life in the reservoir is unknown. W suspect these
zuven||es are especially vulnerable to predation until they becone

00 large for the mgjority of predators to consume. Initial data
collected in this study indicate that juveniles concentrate in the
upper part of the reservoir, The upper reservoir i s characterized
by extensive littoral areas and cover in the formof driftwood,
fallen trees and stunps. It appears that juvenile cutthroat remain
near shoreline areas feeding primrily upon aquatic Diptera and
terrestrial insects. Cover could be a key factor in reducing
predation rates on juvenile cutthroat trout. Consequently, reduc-
tions in the quality and quantity of cover may adversely affect the
survival of juvenile cutthroat.
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Distribution of westslope cutthroat trout after their first
year of reservoir residence appears to be influenced primarily by
tenperature and food availability. Cutthroat trout in Lake
Koocanusa preferred tenperatures in the 15-18°C range and avoi ded
tenperatures higher than 19°c (MMIllin 1979). Wen surface water
tenperatures were greater than 19°C, Lake Koocanusa cutt hroat
sought cooler waters. \hen surface tenmperatures were bel ow 17°c,
cutthroat were concentrated in the upper three nmeters of the water
colum. Dwyer and Kramer (1975) found that the scope of activity
for cutthroat trout was highest at 15°C.

The diet of westslope cutthroat trout in Lake Koocanusa was
conprised primarily of Daphnia terrestrial insects and aquatic
Diptera (MMllin 1979). Small cutthroat (<330 mmin length) fed
primarily upon Daphni a except for the summer. proxi mately 45
percent of the growh energy was supplied by Daphnia with terres-
trial insects and aquatic Diptera providing an estinmated 42 and 13
percent of the growth energy, respectively. Daphnia was the nost
inportant food 1temin the diet of large cutthroat in the wnter.
Use of aquatic Diptera (nostly pupae) peaked in My and June.
Teér?sf{|al insects were the nost inportant food during the summer
and fall.

Cutthroat trout caught in Hungry Horse Reservoir in July and
August, 1978 differed substantially in their food habits from
cutthroat caught in Lake Koocanusa during the same period. Terres-
trial insects and aquatic Diptera adults made up nost of the diet.
Daphnia was a minor constituent in the stomachs of Hungry Horse
fish, but an inportant constituent in Lake Koocanusa fish. Terres-
trial insects were especially inportant in the diet of small cut-
throat in Hungry Horse Reservoir

LifeH story of Bul | _Trout

Bull I-rout also have popul ations which exhibit the resident,
fluvial and adfluvial life cycle Eatterns. Bul | trout, however,
are fall spawners and their eggs hatch in March as conpared to July
and August for cutthroat. Bull trout mature later, Iive |onger and
the adults are nmuch nore piscivorous than cutthroat.

Adult bull trout in the upper Flathead River spawned during a
relatively short period in Septenber and Cctober. Spawning activity
beﬁan when maxi mum dai |y water tengeratures droned bel ow 9°C
(Shepard et al. 1982). Huston (1973) noted bull trout in FUn%ry
Hor se Reservoir congregated at the upper end in the spring an
began their spawni ng novenents up the South Fork in June and July.
Spawni ng occurred in Septenber and Cctober in the upper South Fork.
Tag return data indicated that bull trout spawned as far upstream
as Danaher Creek, approximtely 110 kmupstreamfromthe reservoir.
Passage through the Meadow Creek gorge was possible in July and
AuPust because of reduced flows. ~Reservoir tributaries used by
bull trout include Weeler and Sullivan creeks. Adults move into
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thesg streams in August and Septenber andspawnedin Septenber and
Cct ober .

Areas selected for spawning were characterized by |ower
channel %radlent, high streamorder, a large percentﬁge of grave
and cobbl e in the streanbed (Shepard et al. 1982). Adult bul
trout also selected areas: 1) directly influenced by groundwat er
recharge: 2) at interfaces between high gradient and | ow gradient
portions of a streamchannel; and 3) where the streamsplit into
miltiple channels. The latter two sites are characterized by an
aggradi ng stream channel where | oosely conpacted gravel s have been
recently deposited.

Timng of emgration was simlar to that of cutthroat in the
North and M ddl e Forks of the Flathead River. Juvenile bull trout
em grate6 during June and July (Shepard et al. 1982). Juvenile
bul | trout were captured while emgrating fromLower Twi n and
Sul l'ivan creeks in July and August, 1984. Qutmgration probably
Eegﬁnfin June, but fish traps were not installed until July due to

ig ows.

The age conposition of bull trout emgrants fromthe upper
Flathead River tributaries was 18, 49 and 32 percent for age I, Il
and 111 fish, respectively. These results are conparable to those
Egﬁngbjn other large lake-river systems of |daho and British

unbi a

Habitat preferences of juvenile bull trout during their first
year of residence in reservoirs has not been documented, but we
SEeculate that they are closely associated with the bottomin
shoreline areas where concentrations of small fish are |ocated.

The inportance of cover as a habitat conponent in reservoirs i s not
known, but juvenile bull trout in streams are closely associated
with cover. A paucity of suitable cover due to reservoir drawdown
may be an inportant factor influencing survival of juvenile bull
trout during their first year of life in the reservoir.

In Flathead Lake, the diet of juvenile bull trout |ess than
350 mmin length in Flathead Lake consisted al nost entirely of fish
(Leathe and Graham1982). Less than one percent of their diet
consisted of invertebrates. Initial analysis of juvenile bul
trout stomachs from Hungry Horse Reservoir indicated that terres-
trial insects were eaten In the summer and fall.

Fish were the nost inportant itemin the diet of large bull
trout (>350 nmin length) in Flathead bake (Leathe and G aham
1982). The three whitefish species (mountain, |ake (Coregonus
cl upeaf arnns) and pygny) were the nost inportant year round item
food item Muntain whitefish were the domnant food itemeaten by
bul | trout in Hungry Horse Reservoir (Joe Huston, MDFWP Eersona
communi cation).  Bull trout in other inland northwest |akes were
found also to feed primarily on fish.
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The distribution of bull trout after their first year of life
in the reservoir apr)ears to be primarily controlled by water tenper-
ature and food avallability. Bull trout are a benthic oriented
species concentrated in relatively shallow water in the spring and
fall (Leathe and Gaham1982). In Flathead Lake, summer catches
were highest in sinking nets set in water deePer than 14 mand
corresponding to the lower end of the thernmocline with tenperatures
of 15°C or | ess. The catch of bull trout in Hungry Horse Reservoir
in 1984 indicated that bull trout noved into deeper waters when
surface tenperatures were above 17-18°C,

Gowth of bull trout fromHungry Horse Reservoir was faster
than recorded in Flathead Lake and Lake Koocanusa (May and Huston
1979). Age IV bull trout from Hungry Horse averaged 324 mmin
total length as conpared to 292 mmfor Flathead Lake and 309 nm for
Lake Koocanusa. Age VII bull trout fromHungry Horse Reservoir
averaged 584 mmin length. Gowh increments fromage IV to age
VI1 ranged between 75 to 108 nm (G ahamet al. 1982).

Nort hern squawfish do not becone sexual |y mature until their
fifth or sixth year of life. At this tine, females average 350 to
500 mmin length and produce apProxinater 6,000 to 27,000 eggs

Br own 1971;. Squawfi sh spawn fromlate My to July (Scott and

ossman 1973, Patten and Rodman 1969?. Spawni ng t akes place in
gravel |y shal | ows, sonetimes along a [ akeshore, sonmetines near
tributary streams and sometines a short distance upstream It
appears that |ake dwelling forms spawned in streanms only when
suitable gravel Iy shallows were not available in |akes. Eggs are
deposited at random over gravel beds. The eggs are adhesive,
denmersal and one nmin dianeter. Hatching occurs in approximtely
one week at 17°c,

The northern squawfish is tyﬁi cally a lake species, preferring
still waters to swift streans. The young inhabit inshore waters in
sumrer nonths, moving of fshore into deeper waters in fall and
winter. Adults tend to remain offshore although they frequent the
shoreline when foraging. Squawfish in Hungry Horse Reservoir

appear to utilize both benthic and surface habitat in the inshore
areas during the sumer.

Young squawfish, 25-100 nmin length feed heavily on insects.
As they grow larger, fish becone increasingly inportant in the diet
and very large squawfish feed al nost exclusively on other fishes.
Squawfi sh sonetinmes feed on salnon and trout, commencing when they
are only 100 mmlarge in the case of sockeye (Ricker 1941). Hall
(1979) also noted that squawfish are significant predators on
salmon.  Brown (1971) observed that this species is considered to
be a serious rr])redat or on young salnon and trout. He al so noted
t hat squawfish may conpete with sal mon and trout for the same food

suppl y.
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Squawfish are slow grow ng, conparatively long Iived fish
The approximte total Iength for Mntana squawfish is as fol | ows:
age | - 51 nm age Il - 89 nm age Il - 114 nm age IV - 152 nm
age v - 188 mmand age X - 305 nmm  The ol dest individuals in
Montana were 19 years and the largest was 561 nm and weighed 1.9
kilograms (Brown 1971). Specimens up to 13.6 kilograms have been
reported el sewhere.

FAOMELI M TI NG FI SH PRCDUCTT ON
Vst sl ope Cutthroat Trout

~ Densities of westslope cutthroat trout in Hungry Horse Reser-
voir are controlled primarily by: 1) recruitnment of juveniles from
tributary streams, 2) survival of juveniles the first year in the
reservoir, and 3) growh as determned by food availability. Both
abiotic and biotic environnental variables interact to influence
year class strengths of cutthroat and food abundance in the reservoir.

Prior to 1963, recruitment of juvenile cutthroat appeared to
be limting populations of cutthroat trout. Starting in 1963, a
Brogram was begun to provide access into reservoir tributaries
| ocked to spawning cutthroat by road culverts and log jans (Huston
1970). As a result, access was inproved to approxi mately 57 km of
streans. Even though about 30 kmof this streamlength was conpris-
ed of low quality habitat in high gradient tributaries, increases in
cutthroat populations were documented in the reservoir in succeeding
years.

Predation by bull trout and northern squawfish my be an
inportant factor in determning survival of juvenile cutthroat
trout and year class strengths of adults. Cutthroat are nost
vul nerable to predation during their first year of reservoir
resi dence.

Food availability and tenperature determne the growh and
production of fish in reservoirs (Ploskey and Jenkins 1982). Wen
food requirements exceed available food, the standing crop decreas-
es to a level at which it can be maintained. Decreased growh
rates can result in increased predation as fish remain in vulner-
abl e size classes |onger.

The availability of these food resources on a seasonal basis
is an inportant part of the current study. Initial data indicate
zoopl ankton are | ess abundant in Hungry Horse than in Lake Kooca-
nusa and constitute a smaller part of the diet of cutthroat trout.
Densities of the larger species of Daphnia preferred by cutthroat
may be low in Hungry Horse Reservoir.

Terrestrial insects are the nost inportant conponent of the
westslope's diet in the sunmmer and fall. Any factor which woul d
reduce their availability could have adverse inpacts on cutthroat
growth. Aquatic Diptera were an inportant itemin the diet of
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cutthroat trout in the spring and sumer in |ake Koocanusa.

Diptera are probably utilized by cutthroat in Hungry Horse Reser-
voi r during the sane period. \Water level fluctuations which reduce
bent hos Production may |imt growh of cutthroat by reducing the
nunber of Dipterans available in the spring and summer.

Bull Trout

H gh catch rates of bull trout in sinking gill nets in Hungry
Horse Reservoir suggest they are nore abundant than in Flathead
Lake or Lake Koocanusa. It does not appear that spawning and
recruitnent are limting bull trout numbers since they are able to
use much of the South Fork above Meadow Creek gorge. Lower flows
make fish passage through the gorge much easier in the summer when
spawni ng emgrations of bull trout occur than in the sprin?_mhen
adul't cutthroat nmove upstream Survival of juveniles the first
year in the reservoir may be influencing year-class strengths of
this species. The primary food item (nountain whitefish) of bul
trout is abundant in Hungry Horse Reservoir and food does not
appear to be alimting factor.

RESERVOI ROPERATI ON
Effects on Fish Population

Changes in reservoir volume, surface area and shoreline length
affect fish production through altering the physical environnent of
the reservoir. These environnental changes affect fish popul ations
through their influence on: 1) access into tributary streans for
spring spawners; 2) survival of juvenile fish; 3) production and
availability of fish food organisns, 4) habitat stability, and 5)
species interactions. Annual drawdown for flood control and power
production can reduce access into tributary streans for spawning
west sl ope cutthroat trout by exposing barriers such as natural
falls to upstream novement of fish. The end result would be
reduced recruitment of cutthroat from these tributaries into the
reservoir.,

Annual drawdown nay expose juvenile cutthroat to increased
predation rates by concentrating theminto a smaller volume of
water with less escape cover. The combination of these two factors
woul d probably intensify predation by bull trout and northern
sguawf i sh. Stevers and M|ler (1983) noted that predation on
sal mon smolts increased in |ow flow years, because the young are
concentrated in smaller river volumes where they are nmore readily
caught squawish.  Huston (1971) noted that angler catch rates
of westslope cutthroat trout were highest at |ow reservoir eleva-
tions apparently because the fish were concentrated in smaller
volumes of water. The reduction in reservoir volume concentrates
all fish and may result in conpetition for food and space between

juvenile cutthroat and other juvenile fish such as squawfish and
mountain whitefish.
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Extensive littoral areas are dewatered during drawdown,
especially in the Sullivan area. Production of benthic macro-
Invertebrates is adversely affected by drawdown. Paterson and
Fernando (1969) discovered that approxi mately 90-95 percent of the
Dipteran larvae died after exposure to freezing conditions in a
dewat ered reservoir area. Popul ations of Diptera |arvae in Hungry
Horse Reservoir were five tinmes nore abundant in areas which were
not dewatered as conpared to areas which were exposed to desicca-
tion and freezing conditions by annual drawdowns. Consequently,
reservoir operation significantly reduces the numbers of aquatic
Diptera available as food for cutthroat trout, especially in
littoral areas.

VWater level fluctuations result in large changes in fish
habitat in the reservoir. This habitat instability caused b
reservoir operation may produce an environment suitable for fish
which can utilize several habitat types and feed upon a w de
variety of food organisns.

Qperation of Hungry Horse Reservoir is controlled by a conbina-
tion of interacting factors which include: flood control, gener-
ation of hydroelectric power, recreational use of the reservoir,
resident fish flows for the Flathead River, and water budget flows.
The reservoir is drafted in the fall to provide advance power for
direct service industries. The mjor evacuation of water, however,
occurs from Decenmber through March for flood control and power
production. The reservoir is usually filled by the end of July and
remains at full pool until after Labor Day to provide summer recrea-
tion opportunities. Operationis also regulated to provide flows
for spawning and incubation of kokanee eggs in the Flathead River
downstream from the mouth of the South Fork. FromOctober 15to
Decenber 15, flows in the Flathead Rver near Colunbia Falls are
mai nt ai ned bet ween 3,500-4,500 cfs. A mninmmflow of 3,500 cfs is
mai ntai ned from Decenber 15 through April 30. \Water may be provided
for water budget flows in the spring to facilitate the downstream
nmoverent Of sal nbn snolts in the Columbia River.

Operation of Hungry Horse Damis integrated with the operation
of the entire Colunbia R ver sYstem Flood protection is provided
for Colunbia Falls and Kalispell, as well as for the |ower Colunbia
River. The Colunbia River is considered to be at flood stage when
nore than 450,000 cfs is passed by Dalles Dam Flood stage at
Col unbi a Falls and Kalispell occurs when the flows are above 45,000
cfs.

Power generation at Hungry Horse is a part of the Pacific
Northwest power system Vater released from Hungry Horse Dam
Bas_se_s through 19 downstream projects. The firmload for the
acific Northwest is 18,200 megawatts. In an average water year,
14,500 negawatts are generated by hydropower and 3,700 from other
energy sources, primarily thermal. Approximately 6,400 negawatts
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are produced by other resources in a critical water year as com
pared to 11,800 by hydropower. The amount of secondary power (that
sol d out of the region or supplied to high energy industry) is
based on availability of water in excess of that needed to neet
firmloads. hiring all but the driest years, hydropower produces
secondary powver.

~ Qperational rule curves (OR() are devel oped each year for each
project in the system The for each project is derived froma
series of curves which have been devel oped for flood control and

power production in critical water years (Figure 8). These curves
ar e:

1) A mandatory rule curve (MCQ or flood control curve which
Is adjusted nonthly from January to July based on run-off
forecasts and fixed the rest of the year. The MRC at
Hungry Horse fromthe end of July through Decenber is ful
pool which neans the reservoir does not have to be drafted
for flood control during this period.

2) A group of four critical rule curves (CRC) are designed to
al l'ow for optinmum energy to nmeet system firm [oads during
a four-year critical period and are based on the historic
| ow wat er Xears of August 1928 through February 1932. The
CRC s are fixed curves for the entire year.

3) An assured refill curve (ARG which provides for power
production along with assured refill of the reservoir for
the second |owest historical run-off (1931). The ARCis a
fixed curve for the entire year.

4 Avariable refill curve which allows for power production
and a 95 percent probability of refill based on the
monthly run-of f forecasts fromJanuary 1 through July.
Ihe VRC changes mont hly based on power needs and run-off

orecasts.

5 Alower [imt energy content curve (LLECC) protects the
ability of the project to neet its firmload from January
through March if the run-off forecasts are too |ow

The operational rule curve (R) is derived fromthe above set
of curves. From August through Decenber, the ORC is determned to
be the hi?her of the ARC or , unless the MRCis |ower. The ORC
Is controlled by the same nethod from January through June, except
that the VRC becomes the ORC if it is lower than the CRC, ARC or
MRC and hi gher than the LLECC.

In summary, the operation of the Hungry Horse project is
control | ed by several factors |ncludin8 flood control, power gen-
eration, resident fish flows, water budget flows and recreation in
the reservoir. Reservoir operation varies seasonally and annually
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Hypothetical rule curves illustrating how an opera-
tional rule curve (ORC) is formed for Columbia River
flood control-hydroelectric projects (modified from
Columbia River Treaty Committee 1983).

In the studies the Operating Rule Curve (ORC) is de-
fined by the higher of the first Critical Rule Curve
(CRC) and Assured Refill Curve (ARC) through December
31. After January 1, it is defined by the higher of
the CRC or ARC. Then it is defined by the VRC. In
no case shall it be higher than the Mandatory Refill
Curve (MRC) nor lower than the Lower Limits Energy
Content Curve (LLECC).

In the studies the MRC defines the maximum allowable
elevations and is determined from independent simu-
lated flood control regulations.
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with changes in these factors and precipitation in the drainage.

It follows that changes in reservoir operation to benefit ganme fish
popul ations woul d inpact other variables controlling reservoir
operation except for precipitation.

BPA has the overall responsibility of reviemﬁng the recommend-
ed operational guidelines to inprove gane fish production. They
woul d have to deternine the inpacts on power production associ ated
with changes in reservoir operation to Increase PanE fish produc-
tion, and deci de whether or not these operational changes are
feasi bl e. The Bureau of Reclamation woul d then reviewthe opara-
tional changes recommended by BPA and deci de whether or not to

i npl enent  them

Enhancement of Figh Populations

Integration of the factors controlling production of westslope
cutthroat trout with reservoir operation indicates that three
possi bl e changes in operation exist which woul d benefit cutthroat
popul ations. These include: 1) delaying the drawdown in the fall
until the end of Cctober, 2) reduce frequency of drawdowns deeper
than 85 feet to those required for flood control and in critica
water years, and 3) filling the reservoir earlier in the spring
These three changes woul d reduce the |ikelihood of conpetition for
food and space between juvenile cutthroat and other fish species
and reduce predation on juvenile trout. The first change woul d
al so extend the grow ng season longer into the fall and inprove
growth of cutthroat trout, thereby reducing predation. A reduction
In the frequency of drawdowns deeper than 85 feet woul d benefit
bent hos popul ations, resulting in more food for cutthroat trout.
Item three would provide better access into tributary streams for
spawni ng cutthroat.

The changes in reservoir operation would entail alterations in
the schedule of power produced at the Hungry Horse project. Delay-
ing the drawdown in the fall to the end of Cctober would result in
shifting that power produced by the drawdown in Septenber and
Cctober to the winter nonths. Filling the reservoir faster in the
spring and liniting drawdown to |ess than 85 feet in nost years
woul d also result in shifting of power generation to other periods.
Refill in the s?ring woul d still require saving sufficient storage
to prevent spill in case run-off is ?reater than forecasted. As
long as water does not have to be spilled, these shifts in genera-
tion should have conparatively little inpact on total power pro-
duced at the project. However, shifting power generation na
result in reduced revenues due to the power being |ess valuable.
Wien the final operational recomendations are made at the conple-
tion of the study, BPAwill review the changes and bhal ance the
benefits to game fish production against any |oss of power revenues.
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Predicting Benefits to the Reservair Fishery

Cur goal is to recommend reservoir water |evel operationa
criteria which will benefit the fishery, yet allow for other down-
stream uses such as power production and water budget flows. This
will require developin% model s which predict effects of reservoir
operation on specific habitat types used by fish, as well as food
resources used by those fish. These nodels will not only have to
be species specific, but will also include a significant portion of
the inportant mechanisms operating to control a population or it
will have little hope of simulating responses to a conplex environ-
ment. W will concentrate on environnmental variables influenced by
water |evel fluctuation; however, we cannot ignore ot her inportant
variabl es which collectively control fish production such as
recruitment of cutthroat from tributary streams and nutrient input
toreservoir. W plan to strive for a nodel which will be as
sinple as F055|ble. However, reaching this end will require test-
ing variable conbinations to select the best nodel and then valida-
tion of the nodel using field data. W plan to devel op our nodel
using existing data (and nodel s) and then fine tune the nodel with
information collected during the first three years of the study
(1983-1986) to provide information where gaps presently exist.
Validation of the nodel will be done during the final year of the
study (1986-1987).

Fish production in the reservoir is controlled by a nunber of
factors including:

1) recruitnent of fish to the reservoir fromin-reservoir
and off-reservoir spawning and rearing areas,

2) amount, quality and availability of food resources,

3) nortality of fish in the reservoir from predation,
harvest and natural sources (other than predation), and

4)  amount of useable habitat (escape cover may be an
inportant habitat conponent for fish subject to
predation).

Recruitment to the reservoir's fish popul ation depends on
number of adult spawners, accessibility to spawning grounds,
quantity and qual|t¥ of spawning habitat, survival of enbryos to
emergent fry, and (for those species which rear as juveniles in
tributaries) survival of juveniles until emgration from tribu-
taries into the reservoir.

Juvenile survival within the reservoir depends upon being able
to find food without being preyed upon. Once a fish grows to a
certain mninmum size, predation is significantly reduced as a
mortality factor. The density of various size classes of predator
dictates the probability of encounter and subsequent ingestion for
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usabl e size cl asses of(?rey. Escape cover can al so inprove the
ability of prey to avoid predators.

The amount, quality and availability of food affects the rate
of growth and survival of fish within the reservoir. These food
resources nust be in areas accessible to the fish, and of suffi-
cient quality and quantity that the energy gained by eating the
food is equal to or greater than the energy spent to capture it.
Mrtality by predation was discussed previously. Mortality due to
angl er harvest is dependent upon accessibility of fish to anglers,
i nherent catchability of the species, and amount of angling pressure.

Natural rmortality is divided into two basic types; density-
I ndependent and density dependent (Everhart and Youngs 1981). Den-
sity-independent types are not a result of any actions of the fish
popul ations and include floods, droughts, extrenme tenperatures, and
pol | ution. Densit% dependent factors are closely associated wth
actions of the fish popul ations such as cannibalism disease, preda-
tion and exhaustion of food. Density dependent factors are normally
conpensatory, that is, the occurrences tend to regulate the popul a-
tionin the direction of |ong-termaverages which are in bal ance
with the available habitat. Reservoir operation influences natura
nortalities through controlling the amount of habitat available to
the fish. Thus, operation could increase or decrease natura
nortality depending uPon Its inmpact upon fish food resources and
habitat. The amount of useable habitat is the volume or area of
habitat containing the suitable habitat components required,
including suitable tenperatures. Quality of habitat relates to
condi tion nearest optinmumfor the age-class and species of interest.

The model we are proposing to develop will have a food com
ponent based on energy flow through successive trophic levels to
fish and a habitat conponent based on habitat availability and
habi tat preferences of species by life-stage. W will rely on a
nodel to be devel oped by the USGS for predicting the effects of
reservoir operation on the zoopl ankton comunity and thernal struc-
ture of the reservoir. W wll use their output as input variables
for our nodel in order to estimate effects of reservoir operation
on the relative abundance of targeted fish species under various
operational scenarios. W are presently investigating the feasi-
bility of adapting nodels devel oped by Kitchell et al. (1974) and
Pl oskey and Jenkins (1982) as a method of partitioning available
food resources to meet food requirenents of reservoir fish. W
hope to link this food availability - habitat preferred nodel to
simlar nodel s devel oped by the Fish and Wldlife Service's Habitat
Eval uati onProcedur es G oup.
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CONCLUSIONS

1)  The water quality data collected in 1983 is simlar to that
col lected in 1978 by the Bureau of Reclamation. The DO,
pH conductivity neasurenents are within tolerable levels for
fish species within the reservoir.

2)  Tenporal distribution of adult aquatic and terrestrial insects
on the surface was quite spotty; however, distributions in
general were consistent between inshore and offshore zones at
I ndi vi dual sanple sites.

3) Standard floating and sinking gill nets were effective in
sanpling for all but smaller fish species such as scul pins and
pygny whitefish when they were distributed in inshore areas.

4y Vertical gill nets were inefficient in sanpling fish in deep
of fshore waters.

5  Conparatively few fish were detected with the acoustical gear
in Gt ober and Novenber

6 The purse seine needed nodification to permt faster pursing
) : c | ) . ,
and was inefficient in capturing fish in Novenber and
Decenber .

7) Little is known about the habitat requirenments of juvenile
cutthroat their first year in the reservoir, but it does
appear to be a critical period in their life that influence
year class strengths.

g)  Northern squawfish and bull trout may be inportant predators
on juvenil e westsl ope cutthroat trout.

9) There appears to be flexibility in the operation of Hungry
Horse Reservoir which could be utilized to alter the reservoir
environment to benefit game fish popul ations. Changes in
reservoir operation to benefish game fish populations would
probably require alteration in power production schedul es.

10) Drawdown of the reservoir below elevation 3,480 dewaters an
extensive littoral area in the upper part of the reservoir
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RECOMMENDATIONS
Continue the study with the follow ng nodifications

Enter water quality data in the USGS WATSTORE data systemso
it can be retrieved and anal yzed usi ng WISTORE or STORET
data systens.

Sanpl e fish populations with gill nets seasonally using a nore
intensive effort.

If catches in vertical nets remain |ow, develop another nethod
to determne vertical distribution of fish. This may entail
the use of gang sets of floaters.

Concentrate purse seining in spring and fall when trout are
distributed within 3-6 neters of the water surface

Determne if cover plays an inportant role in the
distribution of juvenile cutthroat by conducting underwater
fish surveys in inshore areas.

Det erm ne spawning periodicity and areas used for spawning,
i ncludi ng streams, by northern squawfish

Col | ect more squawfish stomachs to ascertain if they are
Inportant predators of juvenile cutthroat trout.

48



LI TERATURECI TED

Aass, P. 1960. The effects of inpoundment on inland fisheries.
Seventh Technical Meeting, International Union for Conserva-
tion of Nature and Natural Resources, G eece, 1958. 4:69-76.

Behhke, R J. 1979. Mbnograph of the native trout of the genus
SHAroof western North America. 215 pp.

Benson, N G, and P. L. Hudson. 1975. Effects of a reduced fall
drawdown on bent hos abundance in Lake Francis Case. Trans-
actions of the Anmerican Fisheries Society. 104:526-528.

Bottrell, H H, A Duncan, Z MAdiwcz, E Gyrgierek, A Herzig,
A HIlbricht-1lkowka, H Kurasaua, P. Qarsson and T.
Wegi enska. 1976. A reviewof sone probl emin zoopl ankton
production studies. Norwegian Journal of Zool ogy. 24:419-456.

Brown, C. J. D. 1971. Fishes of Mntana. Bi g Sky Books, Bozeman,
Mont ana. USA

Bureau of Reclamation. 1981. Hungry Horse powerpl ant enl ar genent
and Reregul ating Reservoir. Appraisal-Vater Quality Appendi x.
VWater and Power Resources Service, Pacific Northwest Region.
Boi se, |daho, USA

Caflin, T. 0. 1968. Reservoir aufwachs on inundated trees.
Transactions of the American M croscopic Society. 87:97-104.

Daniel, W W 1978. Applied nonparametric statistics. Houghton
M fflin Conpany, Bost on, Massachusettes, USA.

Dwer, W P. and R H Kramer. 1975. The influence of tenperature
on scope for activity in cutthroat trout (Salno clarki).
Transactions of the Anerican Fisheries Society. 104:552-555.

Elder, H Y. 1964. Biological effects of water utilization by
hydroel ectric schemes in relation to fisheries, wth special
reference to Scotland. Proceedings of the Royal Society of
Edenbourgh.  69: 246- 271.

Ellis, M M 1937. Sone fishery probl ns in inpounded waters.
Transactions of the Anerican Fisheries Society. 66:63-71.

Evans, W A, and J. Vanderpuye. 1973. Early devel opnent of the
fish popul ations and fisheries in Volta Lake. Pages 94-100
In. wC Ackernman, G F. Wiite and E. B. Wrthington,
editors. Manndel akes: Their probl emand envoronnental
effects. Anerican Geophysical Union, Washington, D.C., USA

Everhart, W H and W D. Youngs. 1981. Principles of fishery
science. Cornell University Press. London, England.

49



Fillion, D. B. 1967. The abundance and distribution of benthic
fauna in three nmountain reservoirs on the Kananskis River in
Alberta. Journal of Applied Ecology. 4:1-11.

Fleiss, J. L. 1973. Statistical methods for rates and proportions.
John Wley and Sons, New York, New York, USA

Fral ezl, J. J. D Read, and P. J. Gaham 1981. Flathead River
| sheries .Study. Mont ana Departnent of Fish, Wldlife and
Parks, Kalispell, Mntana, A,

Frey, D. G 1967. Reservoir research - objectives and practices
with an exanple fromthe Soviet Union. Pages 23-36 In
Reservoir fishery resources symposium Southern Division,
Anerican Fisheries Society, Bethesda, Mryland, USA.

Gabriel, W L. 1978. Statistics of selectivity. Pages 62-66 In:
S. J. Lipovsky and C. A Sinenstad, editors. Proceedings of
the Second Pacific Northwest Technical Wrkshop - Fish Food
Habits Studies. University of Washi r{g&on Sea Grant Publi ca-
tion WSG WO-79-1, Nunber 5, Seattle, Washington, USA

Gannon, S. E. 1971. Two counting cells for the enuneration of
zoopl ankt onm cro-crustacea. Transactions of the Anerican
M croscopi ¢ Soci ety. 99: 486- 490.

Geer, W H 1978. Aspects of the linmlogy of Joes Valley Reser-
voir relating to trophic conditions and fish production
capacity. Publication Nunber 78-14. Uah State Division
of Wldlife Resources, Salt Lake City, USA

Gaham P. J., D Read, S Leathe, J. Mller, and K Pratt.
Fl athead River Basin fishery study - February 1980. Mntana
Beépartment of Fish, Wldlife and Parks, Kalispell, Mntana,
A,

Gaham P. J., R Penkall, and D. Burkhalter. 1980b. RTRN. A
fish tag return program Mbntana Departnetn of Fish, WId-
life and Parks, Kalispell, Mntana, USA

Gaham P. J., W Fredenberg, and J. E Huston. 1982.  Supplenents
to recommendations for a fish and W|Idl|fe_proPram ntana
Beég\artrrent of Fish, WIldlife and Parks, Kalispell, Montana.

Geeson, P. E., T. A BEilke, G A Irwin, B. W Liumand K. V.

Slack. 1977.Methods for collection and anal ysis of aguatic
bi ol ogi cal and m crobi ol ogi cal sanples: U S. Geol ogi cal

Survey Techniques of Water Resources Investigations; Book 5,
Chapt'er A4. 332 pp.

50



Gimas, V. 1967. Inpounded | akes and river reservoirs and two
new ecosystens for Swedish nature. Sven. Naturventensk 1967:
168- 177.

Hall, F. A Sr. 1979. An evaluation of downstream mgrant chi nook
sal mon(Oncor hynchus tshatwytscha) |osses at Hal | wood-
Cordua fish screen. Anadronous Fisheries Branch Adm nistra-
tive Report 79-5. California Department of Fish and Gane,
Sacranento, California. USA.

Hesse, L. 1977. FIREI, a corrgut er programfor the conputation
of fishery statistics. Nebraska Technical Series No. 1,
Nebr aska Gane and Par ks Conmi ssi on, USA.

Hlton, G D., R C MFarland, and B. Gooch. 1981. The Mbntana
i nt eragency stream fishery and data storage system Pages
171-1771n; N B. Armantrout, editor. Proceedi ngs of
the Acquisition and Uilization of Aquatic Habitat |nventory
| nformation Synposi um hel d 28-30 Cctober, 1981. \Wstern
Division Anerican Fisheries Society, Portland, Oregon. USA

Horak, D. L., and H A 'Tanner. 1964. The use of vertical gill
nets in studying fish depth distribution, Horsetcoth Reser-
voir, Colorado. Transactions of the Anmerican Fisheries
Society. 93:137-145.

Huston, J. E. 1970. Hungry Horse Reservoir study. Montana
Departnent of Fish and Game. Job Progress Report, Project
No. F-34-R-3, Job Il. Kalispell, Mntana, USA

Huston, J. E. 1971. Hungry Horse Reservoir study. Montana
Departnment of Fish and Game. Job Progress Report, Project
No. F-34-R-4, Job Ila. Kalispell, Mntana, USA

Huston, J. E 1972. Life history studies of westslope cutthroat
trout and mountain whitefish. Job Progress Report, Project
No. F-34-R-5, Job Ill-a. Kalispell, Mntana, USA

Huston, J. E. 1973. Hungry Horse Reservoir study. Montana
Departnent of Fish and Gane. Job Progress Report, Project
No. F-34-R-6, Job No. Il-a. Kalispell, Mntana, USA

Huston, J. E 1974, Hungry Horse Reservoir study. Montana
Departnent of Fish and Game. Job Progress Report, Project
No. F-34-R-7, Job No. Il-a. Kalispell, Mntana, USA.

Huston, J. E. 1975. Hungry Horse Reservoir study. Montana
Department of Fish and Gane. Job Progress Report, Project
No. F-34-R-9, Job No. Il-a. Kalispell, Mntana, USA

51



Irving, J. S. and C. M Falter. 1981. Lake Koocanusa- Koot enai
River: \Water quality investigations - Part B: Pl ankton
ecol ogy. Gonpetitonreport tothe United States Arny Corps of
Engi neers, Seattle District, Contract Number DACW67- 76- C- 0087.
Prepared College of Forestry, Wldlife and Range Sciences,
University of Idaho, Mscow, |daho, USA

Isom B. G 1971. Effects of st oraﬁe and mai nstem reservoirs on
bent hi ¢ macroinvertebrates i n the Tennessee val | ey. Pages
179-191 In. G E Hall, editor. Reservoir Fisheries
and Li rmol ogy.  American Fisheries Society, Special Publica-
tion Nunber 8, Bethesda, Maryland, USA

Jenkins, R M 1970. The influence of engineering design and
operation and other environmental factors on reservoir fishery
resources. \Mter Resources Bulletin. Journal of the American
Wt er Resour ces Associ ation. 6:110-119.

Kaster, J. L. and G Z. Jacobi. 1978. Benthic macroinvertebrates
of a fluctuating reservoir. Freshwater Biol ogy, 8:283-290.

Kimsey, J. B. 1958. Fisheries problenms in inpounded waters of
California and the |ower Colorado River. Transactions of the
Anerican Fisheries Society 87:319-332.

Kitchell, J. F., J. F. Koonie, R V. ONeil, H H Shugart, J. J.
Magnuson and R S. Booth. 1974. Mdel of fish biomass
dynam cs.  Transactions of the American Fisheries Society.
4:786- 798.

Lund, R E. 1983. Awuser's guide to MSUSTAT - an interactive
statistical package, 1983: Mcroconputer version - CP/M
Statistical Center, Departnment of Mathematical Sciences,
Technical Report, Mntana State University, Boz-, Mntana
USA.

Leary, R F., F. W Allendorf and K L. Knudsen. 1983. Electro-
phoretic anal ysis of Sal mo popul ations fromthe O ark
Fork, Kootenal and South Fork Flathead River drainages.
University of Mntana, Population Genetics Laboratory Report,
M ssoul a, Mntana, USA.

Leathe, S, A and P. J. Gaham 1982. Flathead Lake fish food
habi ts study. Final Report. Mntana Department of Fish,
Wldlife and Parks, Kalispell, USA.

Marrin, D. L. and D. C. Erman. 1982. Evidence against conpetition
between trout and nongame fishes in Stanpede reservoir,
Czlalzgfzorzréba. North Anerican Journal of Fisheries Management.

52



May, B and J. E Huston. 1975. Habitat devel opnent of Young
Creek, tributary to Lake Koocanusa. Montana Department of
Fi sh and Gane, Fisheries Division. Final Job Report,
Contract No. DACWG67-73-C-0002. Kalispell, Mntana, USA

My, B., J. E Hustonand S. L. MMiIllin 1979. Lake Koocanusa
post -i mpoundnent fisheries study. Conpletion report. Montana
Department of Fish and Gane, Kalispell, Mntana, USA

MMllin, S. L. 1979. The food habits and distribution of rain-
bowand cutthroat trout in Lake Koocanusa, Montana. MS.
Thesis, University of I|daho, Mscow, |daho, USA

MIler, R B. and M J. Paetz. 1959. The effects of power,
irrigation and stock water devel opnents on the fisheries of
tge2680uth Saskat chewan River. Canadian Fish Culturist 25:
13- 26.

Mont ana Department of Fish, Wldlife and Parks. 1983a. Fish and
habitat inventory of streams in the North Fork of the Flathead
River. Mntana Department of Fish, Wldlife and Parks,
Kalispell, Montana, USA

Mont ana Department of Fish, Wldlife and Parks. 1983b. Fish and
habitat inventory of streans in the Mddle Fork of the Flathead
River. Mntana Department of Fish, Wldlife and Parks,
Kalispel |, Montana, USA

Neel, J. K 1967. Reservoir eutrophication and dry strophication
fol | owi ng inpoundment. Pages 322-332 In. Reservoir
fishery resources synposi um Southern Di vi sion Anerican
Fisheries Society, Bethesda, Mryland, USA

Nilsson, N A 1964. Effects of inpoundment on the feedi n? habi t s
of brown trout and char in Lake Ransoren (Swedi sh Lappland).
Int. Vech. Verei m Limology 15: 444-452.

Paterson, C. G and C. H Fernando. 1969. The effect of winter
drainage on reservoir benthic fauna. Canadian Journal of
Zool ogy.  47:589-595.

Patten, B. G and D. T. Rodman. 1969. Reproductive behavior of
nort hern squaw i sh (Ptychochei | us oregonensis).  Trans-
actions of the Anerican Fisheries Society 98:108-111.

Pearre, S Jr. 1982. Estinating prey preference by predators:
Uge of various indices and a proposal of another based on
%<, Canadi an Journal of Fisheries and Aquatic Science.

39: 914-923.

53



Ploskey, G R and R M Jenkins. 1982. Bionmass nodel of reser-
voir fish and fish food interactions with inplications for
rzranggerrgnt. North American Journal of Fisheries Mnagement.
:105-121.

Reid, G K 1961. The ecology of inland waters and estuaries.
Rei nhol d Publishing Corporation, New York, New York, USA

Ricker, W E 1941. The consunPti_on of young sockeye sal mon by
predaciws fish. Journal of Fisheries Research Board Canada
5(3):293-313.

Schindler, D. W 1969. Two useful devices for vertical plankton
and water sanpling. Journal of the Fisheries Research Board
of Canada 26: 1948- 1955.

Schoener, T. W 1970. Non-s?/nchronous spatial overlapof |izards
I n patchy habitats. Ecol ogy 51:408-418.

Scott, W B. and E. J. Crossman. 1973. Freshwater fishes of
Canada. Bulletin 184. Fisheries Research Board of Canada,
G towa, Canada.

Shepard, B. B., J. J. Fraley, T. M Waver, and P. J. Graham 1982.
Fl at head Ri ver fisheries study. Mntana Departnent of Fish,
WIldlife and Parks, Kalispell, Mntana, USA

Shepard, B. B. and P. J. Gaham 1983b. Flathead River fisheries
study. Mntana Departnment of Fish, Wldlife and Parks,
Kalispell, Mntana, USA.

Shepard, B. B. and P. J. Graham 1983a. Fish resource nonitoring
programfor the upper Flathead Basin. Mntana Department of
Fish, Wldlife and Parks, Kalispell, Mntana, USA

Stevens, D. E and L. W Mller. 1983. Effects of river flow on
abundance of Young chi nook sal non, Anerican shad, longfin
snelt, and delta snelt in the Sacramento-San Jaquin System
Wrth American Journal of Fisheries Management. 3:425-437.

Vincent, R E 1971. Electrofishing and fish popul ation
estimates. The Progressive Fish Culturist. 33:163-169.

Wetzel, R G 1975. Limology. W B. Saudners Conpany, Philadel phia,
Pennsyl vania, USA

Wods, P. F. 1982. Annual nutrient |oadings, primary productivity
and trophic state of Lake Koocanusa, Montana and British
GgEIBurrbl a, 1972-80. Ceol ogi cal Survey Professional Paper
1283.

54



Wods, P. F. and C. M Falter. 1982. Limmol ogical investigations:
Lake Koocanusa, Montana, Part 4: Factors controlling prinary
productivity: Hanover, New Hanpshire, US. Arny Corps of
Engi neers, Col d Regi ons Resear ch and Engi neering Laborat ory
Special Report.

Zippin, C. 1958. The renoval nethod of popul ation estimation.
Journal of WIdlife Managenent 22:82-90.

55



WATERS REFERRED TO

St reamnane Code No.

Gark Creek 08- 1520- 10
Emery Creek 08- 2560- 01
Hungry Horse Creek 08- 3580- 01
Hungry Horse Reservoir 08- 8860- 05
N. F. Logan Creek 08- 6670- 01
S.F. Logan Creek 08- 6670- 01
Ml nernie Creek 08- 4660- 01
Mirray Creek 08- 4980- 01
Qui ntonkon Cr eek 08-7080- 01
S.F. Flathead Ri ver 08- 6660- 01
Sull'ivan Creek 08- 7080- 01
Tent Creek (Dudl ey) 08-2380- 01
Tin Creek 08- 7280- 01
Twin Creek, Lower 08- 7500- 01
Wieel er Creek 08- 7720- 01
Wunded Buck 08- 7920- 01
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